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(57) ABSTRACT

A device includes a first package component, and a second
package component underlying, and bonded to, the first pack-
age component. A molding material is disposed under the first
package component and molded to the first and the second
package components, wherein the molding material and the
first package component form an interface. An isolation
region includes a first edge, wherein the first edge of the
isolation region contacts a first edge of the first package
component and a first edge of the molding material. The
isolation has a bottom lower than the interface.
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1
ISOLATION RINGS FOR PACKAGES AND
THE METHOD OF FORMING THE SAME

This application is a divisional of U.S. patent application
Ser. No. 13/485,527, entitled “Isolation Rings for Blocking
the Interface between Package Components and the Respec-
tive Molding Compound,” filed on May 31, 2012, which
application is incorporated herein by reference.

BACKGROUND

In the packaging of integrated circuits, device dies are
bonded onto package components such as package substrates
in a package substrate strip. The package substrates include
metal connections that are used to route electrical signals
between opposite sides of the respective package substrates.
The dies may be bonded onto one side of a package substrate
strip using flip chip bonding, and a reflow is performed to melt
the solder balls that interconnect the dies and the package
substrates.

After the bonding of the device dies onto the package
substrate strip, a molding compound is molded onto the
device dies and the package substrate strip. The package
substrate strip is then sawed apart into a plurality of packages.
Although the molding materials are generally moisture proof,
the moisture may still penetrate into the resulting packages.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the embodiments,
and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

FIGS. 1 through 5B are top views and cross-sectional
views of intermediate stages in the formation of packages in
accordance with some exemplary embodiments; and

FIGS. 6 through 8 illustrate the formation of packages in
accordance with some alternative exemplary embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the embodiments of the disclo-
sure are discussed in detail below. It should be appreciated,
however, that the embodiments provide many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
illustrative, and do not limit the scope of the disclosure.

A package and a method of forming the same are provided
in accordance with various exemplary embodiments. The
intermediate stages of forming the package are illustrated.
The variations of the embodiments are discussed. Throughout
various views and illustrative embodiments, like reference
numbers are used to designate like elements.

FIG. 1 illustrates a top view of a package component 20. In
some embodiments, package component 20 is a package
substrate strip, and hence is referred to as package substrate
strip 20 hereinafter, although package component 20 may
also be another type of package component such as an inter-
poser wafer, a device wafer, or the like. In the embodiments
wherein package component 20 is a package substrate strip,
package substrate strip 20 includes a plurality of package
substrates 22, which are identical to each other. In some
embodiments, package substrates 22 are distributed uni-
formly in one or both of the illustrated X andY directions, and
may have the layout of an array.
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Package substrates 22 may be laminate substrates, which
include a plurality of dielectric films 23 (shown in FIG. 2B)
adhered together through lamination, or may be build-up
substrates. Dielectric films may comprise composite materi-
als that are mixed with glass fiber and/or resin. Metal traces 28
and vias 30 (FIG. 2B) are formed in laminate dielectric films
23. As also shown in FIG. 2B, electrical connectors 24 are
formed on a surface of package substrates 22, and are con-
nected to electrical connectors 26 that are on the opposite side
of the respective package substrate 22 through metal traces
28. In some embodiments, electrical connectors 24 are metal
traces, which are used for forming Bump-On-Trace (BOT)
connections. In alternative embodiments, electrical connec-
tors 24 are metal pads, metal pillars, composite connectors
comprising metal pillars and solder caps, or the like.

FIG. 2A illustrates a top view showing the bonding of
package components 32 onto package substrates 22 in FIG. 1.
FIG. 2B illustrates a cross-sectional view of FIG. 2A, wherein
the cross-sectional view is obtained from the plane crossing
line 2B-2B in FIG. 2A. In some embodiments, package com-
ponents 32 are dies (such as device dies comprising transis-
tors), packages, or the like. Referring to FIG. 2B, the bonding
may be performed through solder bonding, wherein electrical
connectors 34 of package components 32 are solder balls. In
some exemplary embodiments, the bonding is a BOT bond-
ing.

As also shown in FIG. 2B, after the bonding of package
components 32 onto package substrates 22, polymer 35 is
dispensed to mold package components 32 and package sub-
strates 22. In some embodiments, polymer 35 is a molding
compound, a molding underfill, an epoxy, or the like. An
underfill (not shown) may be dispensed into the gaps between
package components 32 and package substrates 22. Alterna-
tively, no underfill is dispensed. Instead, polymer 35 is a
molding underfill that is also disposed into the gaps besides
molding package components 32. Polymer 35 is then cured
and solidified.

Referring to FIGS. 3A and 3B, a grooving is performed on
package substrate strip 20 to form trenches 36. The grooving
may be performed using a blade, a laser beam, or the like.
Referring to FIG. 3 A, trenches 36 are formed between pack-
age substrates 22, and separate package substrates 22 from
each other. Trenches 36 may form a grid. FIG. 3B illustrates
a cross-sectional view of the structure shown in FIG. 3A,
wherein the cross-sectional view is obtained from the plane
crossing line 3B-3B in FIG. 3A. As shown in FIG. 3B,
trenches 36 penetrate through package substrate strip 20,
extend into polymer 35, and stop at an intermediate level of
polymer 35. Accordingly, depth D1 of trenches 36 is at least
greater than thickness T1 of package substrate strip 20. Fur-
thermore, depth D2, which is the depth of the portions of
trenches 36 in polymer 35, may be greater than about 20
percent thickness T2 of polymer 35, and may be between
about 20 percent and about 80 percent thickness T2. Width
W1 of trenches 36 may be between about 1,000 um and about
5,000 pm.

An isolation material is filled into trenches 36, and is cured
(solidified) to form isolation regions 38. The resulting struc-
ture is shown in FIGS. 4A and 4B. FIG. 4B illustrates a
cross-sectional view of the structure shown in FIG. 4A,
wherein the cross-sectional view in FIG. 4B is obtained from
the plane crossing line 4B-4B in FIG. 4A. The top surface of
isolation regions 38 may be slightly higher than, substantially
level with, or lower than, the top surfaces of package sub-
strates 22. When filled into trenches 36, isolation material 38
may be a liquid or a gel, which has a viscosity low enough to
fill into the micro-voids (not shown) in polymer 35 (FIG. 5B).
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Isolation regions 38 may be a polymer, a resin, or the like. In
some exemplary embodiments, isolation material 38 is a sol-
der resist such as comprising Alkyd resin, acrylated epoxy
resin, methacrylated epoxy resin, or the like. After the curing,
isolation regions 38 may have a density greater than the
density of the cured polymer 35 in accordance with some
embodiments. For example, the ratio of the density of isola-
tion regions 38 to the density of polymer 35 may be greater
than about 3 volume percent. The ratio of the density of
isolation regions 38 to the density of polymer 35 may be
between about 97 volume percent and about 100 volume
percent in accordance with some embodiments. The dispens-
ing of the isolation material may be performed, for example,
through stencil printing.

Next, as also shown in FIG. 4B, a die saw is performed to
saw the structure in FIGS. 4A and 4B into a plurality of
packages 40. Kerf lines 39 are between opposite edges 38A of
isolation regions 38. After the die sawing, there are remaining
portions of isolation regions 38 on opposite sides of kerf lines
39. FIGS. 5A and 5B illustrate a top view and a cross-sec-
tional view, respectively, of package 40. As shown in FIG. 5A,
isolation regions 38 are located at the peripheral region of
package 40. It is appreciated that although isolation regions
38 are referred to using a plural form, isolation regions 38
may be parts of a same continuous ring, as shown in FIG. 5A.
The inner edges 38A of isolation regions 38 are in contact
with the edges of package component 22.

Referring to FIG. 5B, outer edges 38B of isolation regions
38 also act as the edges of package 40. Outer edges 38B are
aligned to edges 35A of polymer 35. Inner edges 38A of
isolation regions 38 are opposite to outer edges 38B, and are
in contact with both package substrate 22 and polymer 35.
Furthermore, inner edges 38A are in contact with interface 42
between polymer 35 and package substrate 22.

In some embodiments, isolation regions 38 form a ring
encircling and contacting interface 42. Interface 42 is likely to
be the weak part in which moisture and detrimental chemical
gases may pass through. For example, the moisture may travel
from open air, through interface 42, and reach the internal
features such as electrical connectors 24. It is realized that the
resistance to the penetration of the moisture increases when
the length of the traveling path of the moisture increases.
Accordingly, as shown in FIG. 5B, assuming if isolation
regions 38 are not formed, moisture may travel from open air
to electrical connectors 24 through paths 45. When isolation
regions 38 are formed, moisture may travel from open air to
electrical connectors 24 through paths 46, which are longer
than paths 45. Since paths 46 are longer than paths 45, the
resulting package 40 has increased resistance to the penetra-
tion of moisture and the detrimental chemical gases than in
structures that do not have isolation regions 38. As a result,
since electrical connectors suffer less from the moisture and
detrimental chemicals, the risk of short circuits between
neighboring electrical connectors 24 is reduced. For example,
the short circuits may be the result of the formation of den-
drites between neighboring electrical connectors 24, and the
undesirable dendrites may further be formed due to the oxi-
dation of metal ions of electrical connectors 24, the migration
of the oxidized metal ions along interface 42, and the reduc-
tion of the migrated metal ions.

FIGS. 6 and 7 illustrate the formation of package 40 in
accordance with alternative embodiments. In FIG. 6, trenches
36 include wide portions 36' and narrow portions 36", which
are narrower than wide portions 36'. In the formation of
trenches 36, wide portions 36' are first formed, wherein wide
portions 36' may extend from the top surface of package
substrate 22 into polymer 35. Wide portions 36' may form a

10

15

20

25

30

35

40

45

50

55

60

65

4

grid since wide trenches 36' are parts of trenches 36, which
forms a grid, as shown in FIG. 3A. Next, a plurality of narrow
trenches 36" is formed to extend from the bottom of wide
portions 36' deeper into polymer 35. Next, as shown in FIG.7,
isolation material 38 is dispensed into trenches 36 to form
isolation regions 38, which also include wide portions and
narrow portions. A die saw step is then performed to cut
package substrate strip 20, isolation regions 38, and polymer
35 into packages 40. The respective kerf lines 39 of the
sawing are illustrated.

FIG. 8 illustrates the formation of package 40 in accor-
dance with further embodiments. In these embodiments, iso-
lation regions 38 include wide portions 38', narrow portions
38", and additional wide portions 38"’. In the formation of the
trench of isolation regions 38, the trenches for forming por-
tions 38' and 38" may be formed before the sawing of package
substrate strip 20, and the trenches for forming portions 38"
may be formed after the sawing. The filling of the isolation
material 38 may be performed after the die saw.

In accordance with embodiments, a device includes a first
package component, and a second package component under-
lying, and bonded to, the first package component. A molding
material is disposed under the first package component and
molded to the first and the second package components,
wherein the molding material and the first package compo-
nent form an interface. An isolation region includes a first
edge, wherein the first edge of the isolation region contacts a
first edge of the first package component and a first edge of the
molding material. The isolation has a bottom lower than the
interface.

In accordance with other embodiments, a device includes a
package substrate, and a device die underlying, and bonded
to, the package substrate. A molding compound is disposed
under the package substrate and molded to the package sub-
strate and the device die. A polymer encircles the package
substrate and contacts edges of the package substrate. The
polymer extends from a top surface of the package substrate
to a level lower than a top surface of the molding compound.

In accordance with yet other embodiments, a method
includes bonding a first package component to a second pack-
age component, molding a molding material to the first and
the second package components, and forming a trench pen-
etrating through the first package component. The trench
extends into the molding material. An isolation material is
filled into the trench to form an isolation region. The isolation
region and the molding material are sawed to form a package,
wherein the package includes a portion of the isolation
region.

Although the embodiments and their advantages have been
described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the embodi-
ments as defined by the appended claims. Moreover, the
scope of the present application is not intended to be limited
to the particular embodiments of the process, machine, manu-
facture, and composition of matter, means, methods and steps
described in the specification. As one of ordinary skill in the
art will readily appreciate from the disclosure, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve sub-
stantially the same result as the corresponding embodiments
described herein may be utilized according to the disclosure.
Accordingly, the appended claims are intended to include
within their scope such processes, machines, manufacture,
compositions of matter, means, methods, or steps. In addi-



US 9,048,333 B2

5

tion, each claim constitutes a separate embodiment, and the
combination of various claims and embodiments are within
the scope of the disclosure.

What is claimed is:

1. A method comprising:

bonding a first package component with a second package

component;

molding the second package component in a molding

material;

forming a trench penetrating through the first package

component, wherein the trench extends into the molding
material;

filling an isolation material into the trench to form an

isolation region; and

sawing through the isolation region and the molding mate-

rial to form a package, wherein the package comprises a
portion of the isolation region.

2. The method of claim 1, wherein the first package com-
ponent comprises a package substrate that is comprised in a
package substrate strip, and wherein the method further com-
prises:

bonding a plurality of second package components onto a

plurality of package substrates in the package substrate
strip;
forming a plurality of trenches in the package substrate
strip, wherein the plurality of trenches forms a grid, and
wherein the isolation material is filled into the plurality
of trenches to form a plurality of isolation regions; and

sawing the package substrate strip and the isolation mate-
rial as a plurality of packages.

3. The method of claim 1, wherein in the package, the
isolation region forms a ring encircling the second package
component and a portion of the first package component.

4. The method of claim 1, wherein the forming the trench
comprises:

performing a first grooving to form a wide portion of the

trench, wherein the wide portion extends from a surface
of the first package component into the molding mate-
rial; and

performing a second grooving to form a narrow portion

extending from a bottom of the wide portion into the
molding material, wherein the narrow portion is nar-
rower than the wide portion.

5. The method of claim 1, wherein the filling the isolation
material comprises:

dispensing the isolation material that is in a liquid form into

the trench; and

curing the isolation material.

6. The method of claim 1, wherein during the sawing, the
isolation region comprises remaining portions on opposite
sides of a kerf generated by the sawing.

7. The method of claim 1 further comprising, before the
forming the trench, filling an underfill into a gap between the
first package component and the second package component.

8. A method comprising:

bonding a plurality of dies onto a plurality of package

substrates, wherein the plurality of package substrates is
in a package substrate strip;

molding the plurality of dies with a molding compound;

forming a plurality of trenches to penetrate through the

package substrate strip, wherein the plurality of trenches
forms a grid;
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filling the plurality of trenches with an isolation material;

and

sawing the isolation material to separate the package sub-

strate strip into a plurality of packages.

9. The method of claim 8, wherein the plurality of trenches
extends from a first surface of the package substrate strip to a
second surface of the package substrate strip, and wherein the
plurality of trenches further extends into the molding com-
pound.

10. The method of claim 9, wherein the plurality of
trenches stops at a level between a first surface and a second
surface of the molding compound, and wherein the first sur-
face and the second surface are opposite surfaces of the mold-
ing compound.

11. The method of claim 8, wherein one of the plurality of
trenches is formed by the:

forming a first trench extending into the molding com-

pound; and

forming a second trench extending from a bottom of the

first trench into the molding compound, wherein the
second trench is narrower than the first trench.

12. The method of claim 8, wherein in the sawing the
isolation material, a middle portion of the isolation material in
one of the plurality of trenches is sawed-through to form a
kerf, and wherein the isolation material further comprises
additional portions in the one of the plurality of trenches, and
wherein the additional portions are on opposite sides of the
kerf.

13. The method of claim 8, wherein the sawing is per-
formed using a blade.

14. The method of claim 8, wherein the sawing is per-
formed using a laser beam.

15. The method of claim 8 further comprising, before the
forming the plurality of trenches, filling an underfill into gaps
between the plurality of dies and the package substrate strip.

16. A method comprising:

molding a die with a molding compound, wherein the die is

bonded to a package substrate;

grooving the package substrate from a first surface of the

package substrate, wherein trenches formed by the
grooving encircle a center portion of the package sub-
strate, and wherein the trenches penetrate through the
package substrate to extend into the molding compound;
and

filling the trenches with an isolation material, wherein the

isolation material has a density higher than a density of
the molding compound.

17. The method of claim 16 further comprising sawing the
isolation material, wherein remaining portions of the isola-
tion material left by the sawing encircles a central part of the
package substrate.

18. The method of claim 17, wherein after the sawing,
remaining portions of the isolation material forms a ring, and
wherein outer edges of the ring are aligned to respective edges
of the package substrate.

19. The method of claim 16, wherein the filling the trenches
with the isolation material comprises filling a polymer.

20. The method of claim 16, wherein the filling the trenches
with the isolation material comprises filling a resin.
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